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The International G% Service for Geodynamics (IGS) is an organization
which operates under the auspices of the ]ntcmationa] Association of’ Clcodcsy
(IA(3) and has been operational since Janual y 1994. The primary objective of [he
IGS is to provide prccisc GPS cla[a and da[a products to support geodetic and
geophysical research activities. The IGS also provides support for diverse
operational activities unclcr[akcn by government or commercial organizations.
This paper will describe the K-N and relate this international effort to the lJ,S.
nationwide program of the Continuously Operating Reference Stations (CORS).

131 STORY AND I)EVN1 .OI’MENT 01~ ‘T’II1c IGS

The international (31’S Service for Gcodynamics (lGS) has completed two
fully operational years as an approved Service of the international Association of
Geodesy (lAG). The IGS has two objectives: onc is to provide support for
geodetic and geophysical research activities which arc dependent on GPS as a
key technique. The IGS is also keeping pace with the rapid grow[b in GPS
applications and, as a second objective, provides the support for a broad spectrum
of operational activities pcrformccl  by governmental and selected commercial
organi7jations,

W% Global Network Development
The Coordinated international GPS Network (CIGNET) was an important

early activity for global GPS reference control, and was coordinated by the [J.S.
National Geodetic Survey. * The CIGNI i’1’ nrtwork of 1989 was soon augmented
by other international partners (Madcr, Strange and Hothcm, J 989), and efforts
focusing on implementing a standarci, precision P-code tracking network helped
to imm the core of the initial IGS Network (Ncilan, Melbourne and MacJcr, 1990).

Coordinated international network operations for the timely availability of
. - C-I; TI. II bcc~nlc increasingly  apt>arcnt that a pivots] poin[ inquallly dclla was “sh)w. i.,.

establishment of a global reference network was- the standardization of the
infrastructure, and that the network should be continuously available. and
reliable. This was the consensus of the intcrnationa] geodetic community and ICCI
to the planning of the IGS, beginning in 1989 to its official establishment in
January 1994 A detailed history and clcvclopmcnt  of the IGS is documcntccl in
the 1994 Annual Report of the IGS, available through the Central Bureau
(Bcutlcr, 1 995).

* This was clone within the GPS Subcommission of the International Association of
Geodesy’s Commission V]]], the international Coordination of Space Techniques for
Gcoclcsy  and Gcodynamics  (CS”J’G).
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Figure 1. GPS Trackins Network of the International GPS Service for
G;ociynamics,  January 19~6., depicting the Global Stations, those stations that arc
analyz,cd by three or more IGS Analysis Centers. Regional GPS stations, as well as
future planned stations can be idcntificci by accessing the IGS Central Bureau
information System.

IGS objectives and Organization
The IGS collects, archives and distributes GPS observation data sets c)f

sufficient accuracy to satisfy the objectives of a wide range of applications and
cxpcrimcnts.  These data sets arc used by the IGS to generate data and products
that arc readily available anti accessible (c) all users. These inc]udc high accuracy
GPS orbits (-10 cJn), earth roiation paramc[crs, the coordinates and velocities of
the ground tracking stations, GPS satellite anti clock information, and ionospheric
information,

The generation of the ciata and proclucts is accomplished thro~]gh a global
network of about 115 precise tracking stations, data centers, analysis ccntcrs, a
Central Bureau and an ]ntcrnaliona] Governing Board, The IGS Central Bureau,
locatccl at the Jet Propulsion Laboratory anti fundcci by the National Aeronautics
and Space Administration, main[ains an cx[c]lsivc data information system, wi~ich
is accessible through anonymous ftp (igscb.jpl. nasa.gov), and the World Wide
Web (http://igscb.jpl. nasa.gov/),

OVERVIEW OJ~ CORS

The Continuously operating Rcfcrcncc Station (CORS) network is a set of
GPS reference stations within the U.S., at this time primarily implemented by the
U.S. Coast Guard and the LJ.S. Army Corps of Engineers. The Coast Guard is
implementing these stations as a Differential G1)S (DGPS) Network to establish a
s ystcm that will meet the highly accurate n avigat ion requirements for commercial
and private mariners along the US Ccms[ and within harbor areas (National
Research Council, 1 995).



The utilization of the DGPS stations for higher accuracy rec]uiremcnts has
evolved into the CORS program. ‘1’lIC Col{s concept has been promoted and
coordinated by the National Geodetic Survey, National Oceanic and Atmospheric
Administration (NOAA), as a program to ensure the implementation of a
consistent set of federally funded rcfcrencc stations (U.S. Department of
Comtncrce, 1994). A stated objcctivc is that federally funded GPS stations,
rcgarcllcss of implementing agency, will meet the COIN specifications and bc
CORS compatible. This is also to include the Wide Area Augmentation Systems
(WAAS) being planned by the Fccicral Aviation Administration (FAA). By
agrccmcn{, N(3S will utili~c these stations aIld will make the data available. COIN
is intended to provide GPS data to users for differential positioning of stationary
points or mobile platforms, primarily in support of post-processing applications,
Govcrntnent, academic, and private users will bc sutmorted in ~crforminr aftcr-
the-fact positioning of fixed boints and moving platf&ms by the’ infrastru;~ure of
the CORS.

‘1’llIC lGS ANI) CORS

K2&m@ for R@mal ~ps Densifi@Q!2
In Dcccmbcr of 1994, an lGS worksho was conducted to develop plans for

;consistent analvsis of continuous G S networks. This worksho~. entit]cdthe
“Dcnsification of tfic Jntcrnational Tcrrcstl ial Reference Frame (ITR~) through
Regional GPS Networks” (Xumbcrgc ancl l.i u, 1995) outlined an approach where
the positions and velocities of essentially all continuous GPS stations can bc
clctcrmined accurately and rcciscly. This appr?ach involves two different types
of IGS Associate Analysis (!?enters (AAC): Rcglonal Network Associate Analysis
Center (RNAAC) and Global Network Associate Analysis Centers (GNAAC).

Regional Network Analysis Centers WOUIC1 analyze s ecific regional clusters
f’of stations following IGS standards ancl flexible guide lncs. For example, the

cluster could bc all or a subset of the CORS stations. The results of this analysis
would bc provided to the lGS.

Globs] Network Associate Analysis Centers would take the weekly GPS
network solutions from all of the Analysis Centers, including the Rc ions]
Network analysis above, and produce combined network solutions. %hesc
Analysis Centers WOUIC1 conduct rcfcrcncc frame investi ations, assess the quality
of the solutions, and proviclc cluality statistics. CF“1’hc fin ings would contribute to
the annual update of the standarcl ITR1: frame, and provide a highly reliable
rcferencc for the CORS network and other continuous regional arrays
participating in the project,

This project model is al~o 2 good link between the IGS and CORS: it is the
connection between the global refcrcncc frame and precise GPS orbits to the
regional reference level for national consi stcncy a[]cl high accuracy.

At this time, the IGS is involved in a pilot project to evaluate and establish
these Analysis Centers. The IGS Analysis Center at JPL, has proposed to bc a
Global Network Analysis Center, and further more, has been analyzing some of
the CORS station data as the stations bccomc available. JPJ,, as a GPS Analysis
Center provides highly accurate information about the control, positioning and
monitoring of the stations through claily analysis. Other Analysis Centers arc alsc)
accessing and processing CORS station clata, such as the IGS Analysis Centers at
the NGS and Scripps Institution of Oceanography (S10). A description of the
techniques and approach of each Analysis Center is documented in the IGS 1994
Annual Report (Zumbcrge, ct a], ] 995).

. .



GPS ANAI.17S1S  AT JPL

The Satellite Geodesy and Gcodynamics Systems (SGGS) Group ancl the
Earth orbiter Systems (110S) Group-l at .11>1. are funded by the 14ationa]
Aeronautics and Space Administration (NASA) to participate as an Analysis
Center (AC) for the international CiPS Service for Geodynamics  (IGS).’ Data has
been analyz,ed from a globally-distributed network of continuous GPS receivers
beginning with the first Global lnterna[ional GPS cx erimcnt in 1991 the GIG’91

fExperiment. (Heflin, et al, 1992; Melbourne, et al, 19 3).

l’hc analysis strategy consists of’ USI n~g the ionosphere-free combination of
both pscudorangc  and carrier phase, with data noise values of 1 cm and 1 n~
respectively. Data below 15 degrees elevation are excluded. The phase data are
decimated to 5 minute samples, ancl the pscuclorangc data are carrier-smoothed
over the same interval.

ccntHMRiR?%2f
to each GPS da-y are analyzed in 30-hour batches,

tstimatcd parameters were satellite state vcclors and solar
radiation pressure (srp), rcccivcr coordinates, ~,cni th wet troposphere delay at
each receiver site, station and sa[cllitc clock offsets, carrier phase ambiguities, and
Earth orientation. Satellite x- and y- srp and y-bias >ararnctcrs arc allowed to vary
sto hastically.  Zenith wet troposphere dc]a

% ?
iis mo eled as a random walk with 1

cm /hr variance derivative, and is itscl further analyzed for climatologica]
applications.

Solid Ear[h and ocean tides are mode.lcd largely in accordance with the IERS
standards (McCarth ,

J
1992; Schcrncck, 1991). ‘l’he Earth’s gravity field is

described by the J M-3 12x 12 multipolc cx )ansion using terms up through
de rec and order 12 (Watkins,

i
!cl al, 1994 . The value of GM used  was

39 600.4415 km3/s2 (Ries,  et al, 1992). Note that because of the usc of the rcccnt
value of GM, the orbital cphcmcri dcs cicscribccl below re uirc a scale
transformation in addition to rigid rotations to bc expressed in the 4GS-84 frame.
Nominal values of the parameters for each GPS satellite (3 each for position and
velocity, anti two for srp) arc from the bl oadcast cphcmcris. Weak ~1 p}”iori
constraints of 1 km and 10 mntis for posi [ion anti vclocit , respectively, are

{im osed, The T1 O-T20 solar radiation pressu] c model is used or srp (Fliegcl et al,
19!!2), while the new yaw attitude mocicl (Bar-Sever, et al 1995) is applied for
eclipsing spacecraft.

As an example, the analysis of January 21, 1994 included data from 43
stations and 25 satellites. There were nearly 60,000 phase and pseuciorangc
measurements each, from which 1556 paramc[crs were dctcrmi ncd, (Parameters
allowed to vary stochastically arc counted only once. These include station and
satellite clocks, station zenith wet troposphere delay, and satellite srp). The r-m
post-fit residuals for the phase measurements were ty ically a fcw mm. Those

?measurements with more than 5-cm pos[-fit rcsidua for phase, or 5 m for
pscudorangc, were considered outliers ancl excluded.

ANAI.YSIS 1’1<01)11(7’1’S AND lULSU1.”lS

Rcccnt results for station coordinates and Earth orientation, independent of
errors in fiducial coordinates, are clcscri bcd in detail in the reference
“Coordinates, Velocities, ancj  1 iOP from the Jc[ Propulsion Laboratory Using GPS
(Heilin et al, 1995). Contained in this same reference are contributions from other
GPS Analysis Centers. Typical daily rcpcatabi]itics of site coordinates are 3, 5, and

—
1’ Tcchnica] Groups within the ‘1’r:icking Systems and Applications Section in the

Tclccol]]r]lur]icatiolls and Engineering Division of Caltcch’s  Jet Propulsion Laboratory,



9 mm in the north, east, and vcr[ical com oncnts, respectively, with respect to a
global rcfcrencc frame with origin at the Yiarth’s mass center. J3aselincs lwtwecn
nearby sites can be significantly better duc to canccl]ation of common orbit,
clock, and media errors. The performance of the operational Earth orientation
series with respect to the International Earih Rotation Service (IERS) Bulletin B
l~inal values is below the 0.3-milliarcsccond level, which is equivalent to lCSS than
10 mm on the Earth’s surface.

The single most important measure of orbit quality is the extent to which
estimatcci values of a satellite’s position near midnight agree with similar estimates
based on data from adjacent days. For a ~,ivcn satelhte and day we define the
orbit re capability Q to be the mm, during. the 6 hours around rmdnight and over

!all 3 or it position components, of the d~ffercnces between the orbit computed
using the current day’s data and that computed with the previous (or next) day’s
data. Since there is only one “true” orbit during this period, the differences arc a
good measure of orbit accurac .

J
The value of Q IS typically 10 - 20 cm (3-

dimcnsional rms) during 1994- 5. The wccisc orbits, and the GPS spacecraft
/clock offsets which are consistent with t lcJn, arc routinely computed and made

available to the public via computer networks. The nominal goal is to deliver a
week’s worth of roducts on Friday (or earlier) following the Saturday that

Fmarked the close o the previous GPS week.

PRKXXSE POINT I’OSITIONJNG: IWIUCIE;NT PROCESSING OF
I.AR(;IL NIH’WORKS

III late 1994, in response [o the growing number of continuously o crating,
iregionally dense GPS sites (for example in California and Ja an), JPL a opted a

[strategy of using an optimally selected global network o 34 sites to obtain
accurate solutions for the C~PS spacecraft orbits and clocks. The number 34 was
selected as the minimum number which provide coverage as globally as possible
with the current ground network, and th]s number will increase as more receivers
are deployed in currently rcccivcr-sparse gco~raphic areas. The remaining sites
(currcnt]y over 100, and incluciing for exam >Ic, a number of the COW sites

Iwhose data are easily accessible) are analvy,cc with satellite parameters fixed at
their just-determined values from the global solution. On a modern 40 Mflop
workstation, these solutions take less than 2 cpu minutes per site for 24 hours of
data.

T h e  rccise- oint-positioning stratc’
“r $ hi

has allowed that analysis of data from
csscntlal y all G S sites that arc acccssi c, with horizontal repcatabilitics  at the
few-mm level, and vertical rc >catabilitics below the cm level. JPL supports that

Ithis strategy is the key to ef icicntly analyzing dense networks of hundreds of
rcccivers, and furthermore that it is the appropriate method for most users, since
millimeter-level coordinates arc obtainab]c with no data other than that from t h c
use!:’s site. ,T,his is facilitated by using  the hi $h]y reliable and accurate orbits  and
stat]on  pos]t]ons  made avallab]c  through tl]c IG$ and its Analysis Centers.

To avoid the conscclucnces of errors in. fi(iucia] coordinates, JPI, has begun
(April 2, 1995) to compute free-network orb]ts aJd clocks, and usc these in every
ciay ’s precise point positioning. Thus, coordinates of these sites will be in the
same reference frame as those used in that day’s free-network global solution. A
free ~?etwork solution is the analysis of the, network data without im lcmenting

fficiuclal constraints or flxc(i coordinates u]lI]l after the solution obtainc .

P’inally, in mid-1996 J]’]. plans to begin providing clock and orbit solutions at
more frequent intervals (30 scconcis or lCSS as opposed to the current 5 minutes)
to better serve kinematic users. High rate ciata from the CORS network, and at
least from a subset of the stations, could bc a potentially significant contributor
to this effort.



SI,JhlMARY

The applications of the CORS sys[c]n arc wide-ranging and include lancl
surveying, mapping, photogrammc(ric ground and aircraft control, geographic
information systems (GIS), hydrographic  surveys and mapping. CORS provides a
reliable domestic infrastructure to support these numerous applications, just as the
IGS provide the international framework for CORS and other national continuous
networks worldwide.
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